Abstract
explore whether irisin exerts a direct vascular protective effect on endothelial function in 27 high-fat diet-induced obese mice. Male C57BL/6 mice were given chow or a high-fat diet 28 with or without treatment with irisin. Aortic endothelial function was determined by Treatment of obese mice with irisin enhanced NO production, and phosphorylation of AMPK, 37 Akt and eNOS in endothelial cells. These factors were also enhanced by irisin in HUVECs in 38 vitro. Suppression of AMPK expression by siRNA blocked irisin-induced eNOS and Akt 39 phosphorylation and NO production. We have provided the first evidence that irisin improves 40 endothelial function in aortas of high-fat diet induced obese mice. The mechanism for this 41 protective effect is related to the activation of the AMPK-eNOS signaling pathway.
Introduction

68
Obesity is an ever-increasing worldwide healthcare challenge and a major independent risk 69 factor for cardiovascular disease (10, 18, 20) . Endothelial dysfunction, an early step in the 70 pathogenesis of atherosclerosis, is considered one of the main reasons for cardiovascular 71 disease in obese people (1, 22) . Numerous mechanisms have been proposed to explain this 72 pathological alteration, such as reduced nitric oxide (NO) production and low NO 73 bioavailability induced by excessive free fatty acid (FFA) production from adipose tissue (3, 74 9, 12). Increased inflammation and superoxide production can also lead to increased 75 destruction of NO and endothelial dysfunction in obesity (3, 12) . 76 Irisin is a novel hormone secreted by myocytes, and is a cleavage product of 77 fibronectin type III domain containing 5, which is produced in response to the activation of 78 peroxisome proliferator-activated receptor-γ coactivator-1 alpha (PGC-1α) (2). It has been 79 proposed that irisin mediates the beneficial effects of exercise on metabolism, inducing the 80 browning of adipocytes and thermogenesis by stimulating uncoupling protein 1 expression in 81 vitro and in vivo (2, 6, 15 After the organ bath study, total NO production (nitrite and nitrate) by aortic rings was 168 determined using a modified Griess reaction method as described previously (11, 13 increased serum adiponectin levels (P<0.05). There were no significant differences in these 217 parameters between the NC and NC-irisin groups (Table 1) . 
Effect of irisin on total NO production in endothelial cells
229
To further explore the possibility that irisin may increase endothelium-derived NO production, 230 we measured total NO production in the K-H solution from the organ bath ( Figure 1D ). NO 231 production was significantly reduced in the OB group compared with the control group 232 (P<0.05). NO production from the OB-irisin group showed a substantial increase compared 233 with the OB group (P<0.05). NO production in the NC-irisin group was also increased 234 compared to that of the NC group (P<0.05). 
Effect of irisin on aortic superoxide anion production.
236
We observed an increase in superoxide anion production in the OB group compared with the 237 control group (p < 0.05). However, irisin treatment decreased superoxide anion production (p 238 < 0.05; Figure 2 ). 
Effect of irisin on NO production in HUVECs in vitro
252
As shown in Figure 5 , irisin induced NO production in a dose-dependent ( Figure 5A ) and 
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